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Little bang

QGP and and freeze-out
hydrodynamic expansion
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A multiphase transport (AMPT) model with
string melting
Structure of AMPT model with string melfing

A+B
Lund string fragmentation function

b(m’ +p?)]

V4

HLJING energy in hucleon

excited strings and minijet partons spectators

f(z)=z'(1—2z)"exp {_

5 PP z : light-cone momentum fraction
ragment inio parions

ZPC (Zhang's Parton Cascade)
till parton freezeout
Quark Coalescence

ART (A Relativistic Transport model for hadrons)

Parton scattering cross section

do _9ma’( )1 ; 9o’
= + . g =
dt 2s” s \t—u’ 2u’

a: strong coupling constant
lL: screening mass

a, b: particle multiplicity
o, 1: partonic interaction



Elliptic flow:

(P P)
©(pl+pd)




B

L

P — i g g

—_vy, |

-

-0.2

0.0

wE."B

In

0.2 0.4

Transverse plane

"% Azimuthal angle
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no longer a 6 function
peaks at zero

totally from initial fluctuation
uniformly distributed

and wg are independent of
each other



Anisotropic flow

dN dN

dp,dg  27dp; 1+nZ:1:2Vn(pT)C°S(”(¢—‘Pn))

Interaction
n/s~v./g,



di-hadron correlation
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Single-particle azimuthal angular distribution:

f(pr.¢)= NépT {1+ZZV (Ppr)cos(n(¢— LI’))}

Total correlation: < >_ average over all events
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Background correlation:
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Two-dimensional di-hadron correlation:

fipr.¢.n)= wil - 2¥vnwr~ n)cos[n(¢p — I'I‘In.)]}

d NSEL['H? l Himax l I
pair dn— d i . b ‘ + A n4+ A
dANAAD  Tmax — Tonin [ dng ¢ f(pr.¢.n)f(Pr. ¢+ Ad. 0+ An)

: e N(P%~HJN(p$~r;+an) a
" D — nminf n (2m)? [l + 2;’”” (PT+ ?I)Uu(,v? n+ An) cos(nAg)

min

dLNPSﬁiPe ~ ] f!}max 2 N(p?‘ n)N(p?—. n—+ ﬂ.n)
d&nd&qf, Hmax — Mmin : / (25'7)2 Weak n dependence of vV,

'r.iII'I'IJI'I

x [1 +2) Wa(pf n)va(phon + &n)}ecos(n,ﬁq&)] e W f&i«;

(v (P 1) Un (P?" n+ ﬂ“”))gms(”&@ FF: flow fluctuation
(Uﬂ(pﬂ) (Uu(PT)) cos(nA¢) NF: non-flow
+ FF[UH (pT)~ v, (p‘{{r)] cos(nA¢) + NF(Ap, An) e = S‘I -Inftan(0,,.)/2)]

AN \ f”m an (NP5 )N (P71 + An)
dﬂ.?} dﬂ\ﬁb Nmax — Nmin J 5, (2m )E

d;NSM‘ﬂE" d;NI‘l‘jl\. . » L
par palr — —
<d—&nd&¢> /(—dﬂ d&qb) raw/background = signal x

y



Initial H|g.her-orfaler ridge
fluctuation anisotropic flow .

T
r cMS JLdt=3.1pb'1
. 03; [ ° PbPb \meQTBTeV. 0-5% ;
(a) oms J Lat=21pk" (b) cms simuiations 04 % [~ PYTHIAB ppNE =276 TeV
' =27 il >
PhRE ey = 2.76 TeV, 0-5% centrality -~ 6.6 FYTHASppMCVE=276TeV = I P —
e Q 0.2+ . N
' : @ [ —
Q [ ] . — —
o — & e 4 7
w — = i)
= 64 . = % 0.3 ® 0.1- .
‘i | 6 E % 0.41 . < 4<p:'Q<BGeV/c
yd = 5] Zl= 03] 2< P <4 GeVic
bla 6 od p2{” oof —m™———
-56 6.2 901 02 T E RS R R
2 —_5 Y-1. - 0 1 2 3 4
T 0 z
JAn| |
2<p° < 4 GeVie ems | Ldt=3.1pb"
0.3 (a) Jet Regi‘on ' T (b)Ridge R‘egion '
[ ] FbPh\n‘% =276 TeV, 0-5%
5 027— PYTHIAB pp Vs = 2.76 TeV E T
58 é E !
-4 4 g ot D 1 & *
3 e ® e
oo—————— —— — ————
| | Lo b
5 10 5 10
——— ) p‘T”g(GeV/c) p¥'9(GeV/c)
o N N D SRR
P i . L !
| PrPD@2.76 TEV Y Pb+Pb@2.76 TeV _ —
[ ,O_,S /0, ‘n.|<zj'4 —l | | 0-5%, Ini<2.4 I Pb+Pb@2.76 TeV - JetRegion
UG I I O no FSI 3 0-5% <24
=~ 2<p, <3cevic | R e - ' -5%, In| < 2.
: + y i rig - as50c - |
P <, <2 GeVe 2<p. " <3 GeVic i . <2GeVie
el 1<p, ™" <2 GeVic | - 2 r —
+ e b A e I - o B (b) I . I
. @
A E 1 - | T T
8 - Ridge Region
) L i
w
<
_2 0 | wig 1 -
0 == <p " <3GeVic
0.0 | =—e—3<p™ <4GeVic |
04 2 & (@) ——4<p ™ <5GeV/ B
0.8 Av | P ce ()
1.2 _1 | | | | 1 | |
Agy 16 4 2 3 4

0 1 2 3 4
[An|

J. Xu and C. M. Ko, Phys. Rev. C 84 044907 (2011)



Flow, non-flow, and flow fluctuation
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Reconfiguration of AMPT
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Once v, is fitted, higher-order flows are automatically fitted.



Reconflguratlon at RHIC
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Shear viscosity
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shear viscosity and anisotropic flow
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QGP: a nearly ideal fluid
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Influence of a temperature-dependent
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Shear viscosity from AMPT

ns = 4{p)/(150y) I ]

| Ns/§ =~
oy = [dtdo/di(] — cos” 4) s/ 40-::5_3 (9 + ?) In (IS;#’;?T”) _ 18

]

Constant do/dt rather than constant n/s
1.5 T | T | I n/S at LHC

:‘é
temperature dependence = @ Plumari etal,, arXiv:1110.2383
of the specific viscosity S
10 - | X |—f— Song, arXiv:1207.2396
» parameter set B ®  Xuetal, PRC, 84,014903 (2011)
i

® Bozek, PLB, 699, 283 (2011)

e—= Schenke et al., PLB, 702,59 (2011)

—e— Roy et al., this work |_°
©
- (<}
Luzum et al, PRC 83,044911 (2011) S
| | | | |
500 ¢ ) 4 6 8 10 12

4nn/s
J. Xu and C. M. Ko, Phys. Rev. C 84, 014903 (2011) V. Roy et al., arXiv: 1210.1711 [nucl-th]



Beam-energy scan program

Temperature (MaV)

Quark-Gluon Plasma
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Baryon Chemical Potential 1i, (MeV)

Search for signals of critical point
at finite baryon chemical potential!
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Break down of NCQ scaling

Minimum bias, Au + Au at \/ =200 GeV Au+Au (0-80%)
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Effects of

hadronic potentials
on the elliptic flow
at SIS energies:
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<cos2g¢>. More repulsive, higher-pressure

EOSs with larger values of K provide more
negative values for <<cos2¢>= at incident en-

ergies below 5 GeV per nucleon, reflecting a
faster expansion and more blocking by the

<C0s 20>

spectator matter while it is present.

P. Danielewicz, R. Lacey, and W. G. Lynch,

Science (2002).
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Effects of hadronic potentials at higher energies: no blocking

y

Particles with
attractive potentials
are more likely to
be trapped

in the system

=)

v, decrease

Particles with
repulsive potentials

partonic hadronic _
ohase ohase are more likely to
0 0 leave the system
V, Increase
And ...

Hadronic phase becomes more important at lower collision energies



G. Q. Li, C. M. Ko, X.S. Fang, N. Kaiser and W. Weise, G. Q. Li, C. H. Lee, and G. E. Brown,
and Y. M. Zheng, Phys. Lett. B (2001) Phys. Rev. Lett., (1997);
Phys. Rev. C (1994) Nucl. Phys. A (1997)

In baryon-rich and neutron-rich matter:

_ _ Vector potential
» Baryon potential: weakly attractive changes sign

- Antibaryon potential: deeply attractive ‘(czrear;'(fﬁgﬂcg': ¥
* K* potential: weakly repulsive 14 onic
» K- potential: deeply attractive ~ mean-field

- m* potential: weakly attractive  potential in ART

» 7 potential: weakly repulsive N AMPT!
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with the "limiting” temperature 7j,,,=164 MeV
A. Andronica, P. Braun-Munzingera, and J. Stachel, Nucl. Phys. A (2010)

£ AT ]
- . string melting AMPT -
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Adjust the life time of the
partonic phase.

Maximum energy densities
: are fitted to the values from a
0.0 Sy - i statistical model.
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Effects on the elllptlc flows

strmg meltlng AMPT i

Qualitatively consistent
proton and antiproton: underestimate
K* and K-: overestimate
n* and 7: underestimate
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But how about the partonic p

From initial condition of AMPT:
A baryon-rich quark system

A three-flavour NJL model:

8 —

T | G - N a, -
= Ui p- M)+ > + (iys\4)?

a=0
(71[ (;A _ N
N Z { A" = (Vs “Y) 2
a=0 Z

- K {det 7 (z,,v(l + %)U) + det (Lj(l _ %)UH
H=+\/M*2+ p‘*‘QV O

My = m, — 2G{uu) + 2K (dd)(5s)
M) = my —2G{dd) + 2K (5s)(uu)
M: = my — 2G(3s) + 2K (uu)(dd)

otential?

100+

Gy =Gy =GJ2
Vector potential changes sign
for antiquark!

P =pPFgvp
gv = (2/3)Gy



0.10+

0.05-

0.00 ="

Coalescence from a
Wigner function approach

0.10+

0.05+

0.00+

0.0

Time component of vector potential is most important.
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T. Song, et al., arXiv: 1211.5511
v, splitting is sensitive to g,.
The existence and location of

the QCD critical point is

sensitive to g !

N. M. Bratovic, T. Hatsuda, and W. Weise,

arXiv: 1204.3788




Structure of AMPT model with siring melfing
A+B

What if we use
default version?

<= Initial condition

HLJING energy in hucleon

excited strings and minijet

fragment into partons
ZPC (Zhang's Parton Cascade)
till parton freezeout
Quark Coalescence
ART (A Relativistic Transport model for hadrons)

A transport model suitable for BES energies!

<= Partonic phase

(what if replace it with
NJL transport model)

<= Hadronic phase:

(turn on potentials)

Screening effects on
antiparticle annihilation?
Constrain g, ...
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Jet shape with higher v. modulated background

Su bt ra Ction 200GeV Au+Au
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* When v; modulation is included, the double-peak
structure in the away side disappears.

John C.-H. Chen
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